The relative yields of multiply-charged ions were found to be critically dependent on minimal gas flow consistent with arc stability alignment of the cathodes with respect to the source aperture, arc ctirrent and voltage, and cathode material. Total yields were dependent on slit area and arc current.
The location of the gas inlet to the discharge chamber was irrelevant.
The introductions of heat shields reduced the cathode heater power to 300 watts.
Source Description Figure  1 is a schematic of the source.
The 
Illinois
Gas flows into the source structure through the gas inlet and then into the distribution plenum (3/16 inch I.D.) which is attached to the anode C. From the plenum, the gas enters the arc chamber through ten 0.030 inch diameter holes spaced l/4 inch apart.
For test purposes, the anode is constructed so that the plenum can be removed from the anode and the distribution of the gas inlet holes can be modified.
The over-all height of the source Is 7-l/2
Inches.
Test Arrangement
A 12" circular magnet was used to provide the constraining field for the source discharge and in addition, it was used as a 180" spectrometer for the analysis of the ions emanating from the source.
The analyzing chamber, 65 x 25-l/2 x 7-l/2 inches high, was pumped by two oil diffusion pumps of 10 and 6 inch size. The bas 1 x lo-% pressure without gas i put was Torr and about 5 x lo-z Torr for source testing. Stable arc operation was achieved for a gas floes as low as 0.4 cc/min. Belcw this value instability was experienced and data were no; obtained.
For a 1% stability in the yield of 4+ and 5+ ions, the variation in gas flow should not exceed about 0.01 cc,/'min.
Consistent
N5+ yields of 0.15$ were cbtained with a gas flow of 0.4 cc/min, 10 A of arc current and 300 V. This yield decreased as the flow rate increa& c'r as the arc current decreased; 0.1% for 9.5 A and 300 V.
Oxygen Figure  5 illussrates the dependence cf the relative yield of oxygen ions on arc current.
These data were obtained with a gas flow of 1 cc/min. Figure  ' 7. For 10 A of arc current and 300 V, the carbon ions were about 59% of the total ion yield. The oxygen red,uces the percent yield cf the carbon ions and is the difference between the summation of the quoted values for any operating point and 100%.
In general, arc stability was excellent and no deleterious carbon effects on the cathode were noted.
Stable arc operation could be maintained a; a gas flow rate as low as 0.8 cc/min.
Neon
Since the Ne gas was not isotopically pure, and the 20Ne has higher ionization potentials and lower ionization cross sections than the above gases, the total ion yield can be expected to be less.
As referenced to nitrogen operation, the total yield was 65% of the nitrogen current.
The data of Figure  8 were obtained for an arc current and voltage of 10 A and 300 V; stable operation was achieved with a gas flow of 0.7 cc/min.
Argon -

Analysis
of the 4OAf ions could not be accomplished with the normal extraction voltage cf 10 kV and the 8 kG magnetic field.
To overcome this limitation, the extraciion voltage was decreased to 7 kV and the magnetic field increased to 10 kG; all of the other argon ions were analyzed with the normal parameters.
The arc voltage was 300 V and the source was stably operated with a gas flow of 0.87 cc/min.
Refer to Figure  2 for the yield argon ions.
Gas Input
The position of the gas inlet hole (l/16 inch I.D.) into the arc chamber was systematically varied along the length of the arc chamber without any significant change in source performance. In addition, a test was made using ten 0.030 inch diameter inlets spaced 0.25 inch apart and distri'outed along the length of the chamber. Even though there was no significant change in the performance of the source this arrangement was adopted as the method of gas distribution. These tests were only performed fcr nitrogen but we do not anticipate any change for the other gases.
Magnetic Field
The performance of the source was investigated for a magnetic field range of 10 to 5 kG.
Essentially, the source was unaffected for this field range. Below 5 kG, the spectrometer was not capable of analysis but the arc operation was stable.
In the region cf 3 kG, a degree of arc voltage and current instability appeared. Below 3 kG, the arc was unstable and spark over occurred between the cathode K2 and the anode (ground).
Arc Alignment
It was determined that the alignment of the arc axis with the magnetic field was quite critical for optimum high charge state yields.
For example, one degree of misalignment (tilt) reduced the 3-t-yield of the nitrogen arc by 25% with the lower ion charge states remaining about the same.
Cathode Materials
Cathode materials of tantalum, molybdenum, aluminum and tungsten were used and tungsten proved to be the best material in regard to total ion yield, arc stability, mechanical stability and over-all hours of operational life. 
